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Distinct stem cell populations in intestinal crypts mediate tissue homeostasis and responses to epithelial
damage such as radiation. Now in Cell Stem Cell, Metcalfe et al. (2014) demonstrate that homeostatic,
proliferative Lrg5+ cells are necessary to regenerate the epithelium after radiation, whereas quiescent
Lgr5 reserve stem cells are surprisingly radiosensitive.Intestinal epithelial cells undergo brisk,
continual turnover, which depends on
intestinal stem cell (ISC) activity in submu-
cosal crypts. Multiple candidate ISC pop-
ulations have been identified, and they
show several distinct, measurable prop-
erties: expression of specific molecular
markers, enrichment at precise positions
in intestinal crypts, different degrees of
mitosis and sensitivity to ionizing radia-
tion, and the settings in which they
contribute toward crypt renewal. Assimi-
lating these diverse features into a unify-
ing model of intestinal homeostasis and
postinjury response presents challenges.
In this issue of Cell Stem Cell, Metcalfe
et al. (2014) show that Lrg5+ ISCs are
necessary for intestinal regeneration
following irradiation but are not required
for hyperplastic responses, because
‘‘reserve’’ Lgr5 stem cells are surpris-
ingly sensitive to ionizing radiation. The
authors’ data thus further define the attri-
butes of these key ISC populations.
At least three distinct crypt cell types
are postulated to represent ISCs (Barker
et al., 2012). Each of these populations
has distinct proliferation kinetics and
sensitivities to radiation and is therefore
thought to serve unique functions in
different contexts. Lgr5+ stem cells
located at the crypt base are mitotically
active and play a dominant role in main-
taining intestinal homeostasis (Barker
et al., 2007). ISCs that lack this marker
are generally regarded as reserve cells
that mount a regenerative response
following injury or radiation-induced
damage. Indeed, ablation of Lgr5+ cells
by Diphtheria toxin does not affect crypt
viability because, in their absence, areserve population assumes total, auton-
omous ISC function (Tian et al., 2011).
Moreover, upon toxin withdrawal, this
population quickly produces new Lgr5+
ISCs. Recent work has identified plasti-
city in additional intestinal populations,
including the progenitor cells that ISCs
generate; these cells also contribute to
injury-mediated responses (Barker et al.,
2012; Buczacki et al., 2013; van Es
et al., 2012). Thus, homeostatic Lgr5+
ISCs in the crypt base operate in func-
tional equilibrium with various reserve
ISCs located elsewhere in the crypt, and
attention has centered on specific molec-
ular markers for these populations.
Eschewing the uncertainties and con-
troversies that surround marker gene
expression, Metcalfe et al. addressed
the identity of reserve ISCs with respect
to differential radiosensitivity.
Metcalfe et al. found that mouse in-
testinal epithelium easily tolerates com-
bined loss of Lgr5+ ISCs and cells that
are highly sensitive to radiation or, for
that matter, to tamoxifen (which may poi-
son some ISCs). However, the ability of
the reserve ISC population to both
replenish Lgr5+ cells and regenerate the
intestinal epithelium was lost when
the dose of radiation exceeded 6 Gy.
The authors carefully excluded the
possibility that Paneth cell depletion
accounted for this absence of a regenera-
tive response in irradiated mice lacking
Lgr5+ ISCs.
Using lineage tracing, de Sauvage and
colleagues have previously shown that,
following ablation of Lgr5+ cells, epithelial
rescue originates in Bmi1hi ISCs (Tian
et al., 2011). Bmi1hi cells are, however,Cell Stem Cell 14reported to resist doses of radiation up
to 12 Gy or higher, at least in the
duodenum (Yan et al., 2012). The finding
that >6Gy radiation destroys regenerative
potential therefore seems puzzling on the
surface. One reconciling explanation is
that the threshold sensitivity of Bmihi cells
along much of the intestine is far less than
12 Gy, or that 6 Gy of ionizing radiation
affects Bmihi cells’ proliferative potential
without killing them. These details can
be tested experimentally, but another
intriguing possibility is that different
reserve ISC populations respond to
Lgr5+ cell loss with varying degrees of
efficiency and dominance under different
circumstances.
The authors then examined whether
Lgr5+ cells were required in other
contexts. Constitutive activation of Wnt
signaling is an early, rate-limiting step in
the formation of intestinal tumors,
including human colorectal cancers. Cells
sustaining mutations in genes that acti-
vate this pathway, such as the tumor sup-
pressor Apc, which regulates b-catenin,
are therefore most responsible for
spawning tumors. Compelling data had
previously revealed Lgr5+ ISCs as the pre-
dominant sites of intestinal Wnt signaling
(Barker et al., 2009), suggesting that
pathway activity in other crypt cell popu-
lations is less significant for tumorigen-
esis. Moreover, at least one population
of reserve Bmi1hi ISCs seems not to
require Wnt signaling (Yan et al., 2012).
However, whenMetcalfe et al. used either
Apc deletion or inflammatory damage to
induce Wnt pathway hyperactivity, before
or after ablation of Lgr5+ cells, they
observed abundant crypt hyperplasia., February 6, 2014 ª2014 Elsevier Inc. 135
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PreviewsThus, reserve Lgr5 cells also can
generate a robust proliferative response
to Wnt signaling. This finding did not
represent an effect in rare crypts that
had avoided Lgr5+ ISC loss, but rather
the ease with which crypt cells can
assume each others’ functions and
properties.
The superficially disparate but reconcil-
able observations surrounding radiosen-
sitivity and Wnt pathway activity of
reserve ISC populations remind us of the
need to consider the many facets of
each putative ISC pool. Much of the
confusion in defining ISCs arises from
the expectation that marker genes and
other attributes must be sharply restricted
to tiny cell populations. In fact, Lgr5 may
be the exception, with high expression
confined to cells residing in the base of
the intestinal crypt (Barker et al., 2007),
though even the Lgr5+ pool includes a
quiescent progenitor fraction (Buczacki
et al., 2013). Indeed, the weight of evi-
dence indicates that cells throughout the
crypt are heterogeneous, with both
marker genes and sensitivity to ionizing
radiation expressed along a range.
Different subpopulations almost certainly
lie along a spectrum for each variable,
including crypt position, and are rarely
discrete, sharply defined entities. There-
fore, observations on any crypt cell popu-
lation should be extended cautiously to136 Cell Stem Cell 14, February 6, 2014 ª201others that share selected attributes.
Perhaps the only constant in crypt
dynamics is that diverse cell populations,
including transit-amplifying progenitors,
carry some potential to assume ISC func-
tion when loss of a vital pool threatens the
mucosa.
What makes overtly different cells so
extraordinarily facile? One answer might
lie in the chromatin configurations that
underlie cell states. Although each cell
probably has a unique and defining
chromatin signature, the broad profile of
gene enhancer activity—H3K4me2 and
H3K27ac histone marks and DNaseI
hypersensitivity—is remarkably similar in
distinct crypt cell pools (Kim et al.,
2014). Thus, chromatin appears widely
poised to enable cells to modulate tran-
scription quickly in response to local
signals and is widely permissive in Lgr5+
crypt cells. Although chromatin states in
reserve ISCs are unknown, Metcalfe
et al. add valuable new information about
these populations. Their work reminds us
that intestinal crypt cells resist simple
definitions because they are heteroge-
neous entities intrinsically poised for rapid
responses to diverse stimuli.ACKNOWLEDGMENTS
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